In 74 normal subjects (62 children aged 5-8 years and 12 adults), we tested the widely-held belief that visual sensitivity improves substantially during childhood. Maturation of the retino-striate pathways is generally invoked to account for age-related changes in visual sensitivity. We evaluated the extent to which attentional factors unduly emphasized the effect of age on the purely physiological mechanisms. After a specially-designed familiarization procedure, sensitivity was fully evaluated at two locations in the superior temporal field using a bracketing technique (Octopus 2000R). False-positive (FP) and false-negative (FN) catch-trials were interspersed with the sequence of stimuli. Analyses demonstrated that: (1) age affected sensitivity; and (2) the general level of attentiveness varied not only with age, but also among subjects in the same age group. We then estimated the extent to which improved visual sensitivity may reflect a concomitant evolution of vigilance. Firstly, controlled variance analyses indicated that factors for evaluating attentiveness (rate of FN responses, slope of the psychometric function at the median, and goodness of fit) were indeed much better predictors than age of the sensitivity measured. Secondly and more significantly, the grouping of subjects into homogeneous subgroups, on the basis of their attentional performance, showed that children as young as 5 years may have a visual sensitivity that is only marginally lower than that of adults.
Introduction
Age-related changes in visual sensitivity is generally cited as evidence that sensory processing improves substantially during childhood, adult performance being reached at about 11 years (Lakowski & Aspinall, 1969; Liao, 1973; Aspinall, 1976; Wilson, Quinn, Dobson & Breton, 1991) . However, a recent developmental study (Tschopp, Safran, Viviani, Reicherts, Bullinger & Mermoud, 1998b) showed that differences in sensitivity between adults and children over the central 30°of the visual field may be strongly reduced by customized training and testing procedures. Significant differences emerged only for the youngest age group (5-and 6-year-olds), whose performance was quite heterogeneous. Moreover, within-subject variability and false-negative response rates suggested that, even in this youngest group, thresholds may be inflated by factors unrelated to maturation of the retinal striate pathway. The question may then arise of the extent to which cognitive and attentional factors contribute to the relatively poor performance of children during psychophysical testing.
When tested with automated static perimetry (ASP), normal young adults are known to have a steep and 'clean' psychometric function (frequency-of-seeing curve), with a high goodness-of-fit value (Chauhan & House, 1991; Chauhan, Tompkins, Leblanc & McCormick, 1993; Wall, Maw, Stanek & Chauhan, 1996) . In several psychophysical modalities, normal children have higher absolute and differential thresholds than adults, and more erratic psychometric functions (Beazley, Illingworth, Jahn & Greer, 1980; Mayer & Dobson, 1982; Stephens & Banks, 1987; Wightman, Allen, Dolan, Kistler & Jamieson, 1989; Nozza, Miller, Rossman & Bond, 1991; Soderquist & Shilling, 1992) . Moreover, a striking characteristic in children is the large within-and between-subject variability (Gliner, 1967; Mayer & Dobson, 1982; Laszlo & Bairstow, 1985; Doyle, Elliott & Connolly 1986; Fox, Patterson & Francis, 1986; Wightman, Allen, Dolan, Kistler & Jamieson, 1989; Tschopp, Safran, Viviani, Reicherts, Bullinger & Mermoud (1998b) ). Many studies involving testing adults with ASP reported a consistent positive correlation between threshold and threshold variability (Flammer, Drance, Fankhauser & Augustiny, 1984a; Flammer, Drance & Schulzer, 1984b; Shapiro, Johnson & Kennedy, 1989; Chauhan & House, 1991; Chauhan, Tompkins, Leblanc & McCormick, 1993) . Furthermore, computer simulations comparing several staircase procedures (Johnson, Chauhan & Shapiro, 1992) suggested that the higher the response variability, the lower the accuracy of the procedure: every 2 dB increase in response fluctuation increased the mean error incurred in threshold estimation by approximately 1 dB.
Factors determining adult threshold variability in quantitative perimetry have been investigated extensively. Both within-and between-subject variability increase with eccentricity (Parrish, Schiffman & Anderson, 1984; Brenton & Phelps, 1986; Jaffe, Alvarado & Juster, 1986; Katz & Sommer, 1986; Heijl, Lindgren & Olsson, 1987; Nelson-Quigg, Twelker & Johnson, 1989 ) and age (Katz & Sommer, 1987) , the increase being greatest after age 60 in the peripheral 30-60°field. Also, various pathologies are known to affect the consistency of measurements (Lynn, Batson & Fellman, 1985; Flammer, Drance, Fankhauser & Augustiny, 1984a; Flammer, Drance & Zulauf 1984c; Weber & Rau, 1992; Chauhan, Tompkins, Leblanc & McCormick, 1993; Wall, Maw, Stanek & Chauhan, 1996) . Finally, increased variability can result from poor response accuracy (Flammer, Drance, Fankhauser & Augustiny, 1984a; Nelson-Quigg, Twelker & Johnson, 1989; Johnson, Chauhan & Shapiro, 1992) , due to lack of familiarity with the task (Searle & O'Neill, 1989; Fahle & Henke-Fahle, 1996) , loss of motivation, momentary loss of concentration, or fatigue (Holmin & Krakau, 1979; Johnson, Adams & Lewis, 1988) . As mentioned above, this latter factor is of paramount importance in young children, who are more prone to learning biases and fatigue (Safran, Laffi, Bullinger, Viviani, de Weisse, Désangles, Tschopp & Mermoud, 1996; Tschopp, Safran, Viviani, Bullinger, Reicherts & Mermoud, 1998a) .
In summary, age-related differences in both thresholds and psychometric functions, albeit real, may be inflated by factors unrelated to maturation of the retinal striate pathway. In this study, we present evidence in support of this view. By grouping children into homogeneous subgroups on the basis of both their level of attention and performance variability, we show that these factors are much better predictors than age of the sensitivity measured with ASP. This result has both functional and clinical relevance. First, it allows a better understanding of the true maturational processes. Second, it leads to more reliable diagnostic assessments. To our knowledge, this is the first time that this issue has been addressed by a large-scale study. 
Subjects, material, and method

Subjects and material
Subjects were 62 normal children (30 females) aged 5 -8 years, attending full-time elementary schools in Geneva. Four schools were recruited because of their proximity to the hospital neuro-ophthalmology unit. The subjects corresponded to a middle-class socio-economic level, and were of various European ethnic backgrounds. The number of children in each age group was: 5 years, N =16; 6 years, N = 17; 7 years, N = 14; 8 years, N =15. Age criterion was 93 months from the child's birthday. In addition, comparative adult data were obtained from 12 normal adults (seven females) aged 21-28 (mean age=25.25). All subjects underwent ASP evaluation for the first time, and had both a visual acuity of 20/20 to the E Snellen test and an unremarkable ophthalmologic history. Testing was performed with the understanding and written consent of the children's parents. The study protocol was approved by the ethics commission of the Institute of Social and Preventive Medicine, in Geneva.
Testing was carried out using the Octopus 2000R perimeter (Interzeag, AG). The testing conditions and the method for optimizing the child's postural stability have been described elsewhere (Tschopp, Safran, Viviani, Bullinger, Reicherts & Mermoud, (1998a) ). Background illumination was 4 apostilb (Asb), and test spots were 0.41°in diameter, with an exposure time of 100 ms. Stimulus intensity (I) was expressed in decibels, I(dB) = 10 log 10 I max /I with respect to a 0 dB reference I max =1000 Asb. Both false-positive and false-negative trials were included. In some trials, the sound cue normally associated with stimulus presentation was not followed by an actual visual stimulus. A response to such trials indicated lack of reliability, the subject responding to the sound cue rather than to the stimuli. These responses were tallied as false-positive (FP). In other trials, high-intensity stimuli that were clearly suprathreshold (Tschopp, Safran, Viviani, Reicherts, Bullinger & Mermoud, (1998b) ) were presented at 12 selected locations placed symmetrically on the 45-225°a nd 135-315°meridians at eccentricities of 5, 10, and 15°. Intensities were set at 22 dB for locations with 5°e ccentricity, 20 dB with 10°eccentricity, and 19 dB with 15°eccentricity. Failure to respond to these stimuli was taken as evidence of a momentary lack of vigilance, and was tallied as false-negative (FN).
Testing procedure
In all subjects the right eye was selected for examination. The task was introduced to the child as a tale. Previous work suggested that very young children may have learning and fatigue problems (Tschopp, Safran, Viviani, Bullinger, Reicherts & Mermoud, (1998a) ). Thus, for 5-and 6-year-olds, the testing was spread over two sessions 1 week apart. The first session was devoted to the training phase (for more details, see Tschopp, Safran, Viviani, Bullinger, Reicherts & Mermoud, (1998a) ), the second to the actual sensitivity evaluation. Seven-and 8-year-olds, as well as adults, completed both procedures in a single session. Threshold evaluation requires a high level of response reliability and good fixation stability. These two criteria were evaluated first, and testing was stopped if the child was unable to fulfill both of them. Provided that the FP did not exceed 20%, and that no ocular movement occurred during at least five consecutive stimuli presentations, visual sensitivity thresholds were fully evaluated at two locations in the superior temporal field with the coordinates (3, 3) (paracentral location) and (24, 3) (peripheral location). Sensitivity was tested using an ascending and descending bracketing procedure. The stimulus intensity was changed from trial to trial, according to an adaptive rule. The sequence started with a 4 dB step size. After the first inversion (change from 'perceived' to 'non-perceived' response, or vice-versa), step size was reduced to 2 dB. The sequence of trials was stopped when 12 inversions had been recorded. The ascending sequence started with an intensity of 18 dB for the paracentral location and 13 dB for the peripheral location, both intensities being definitely suprathreshold according to normative values for children (Tschopp, Safran, Viviani, Reicherts, Bullinger & Mermoud, (1998b) ). For the descending sequence, the intensity of the first trial was set at 46 dB for the paracentral location and 41 dB for the peripheral location, both intensities being far below threshold. The scheduling program alternated randomly between the two test locations. For both locations, testing began with the ascending sequence. A number of FNs were randomly interspersed in the sequence of stimuli, with the constraint that no more than three such trials would occur consecutively. The probability of any one trial being a FN was 0.45. By spreading FN stimuli across a (15 ×15°) portion of the field, rather them using the same locations for the test stimuli, we wanted to prevent the subject from concentrating his or her attention within a narrow horizontal strip around the test stimuli. In addition, one FP was presented every ten trials. The sequence of trials was self-paced, stimuli being presented about 2 s after the preceding response.
The session ended when the two tested locations had been fully evaluated using both the ascending and descending procedure. Because of the adopted stopping rule (see above), the actual number of trials varied somewhat from subject to subject. The session was interrupted before the end if the child so wished, or when signs of fatigue occurred (Tschopp, Safran, Viviani, Bullinger, Reicherts & Mermoud, (1998a) ). The average overall duration of the test was about 20 min.
Results
Five of the 62 children (three 5-year-olds and two 6-year-olds) were excluded from the study. One child failed to meet the schedule constraints; two children tween 8 years and adulthood, the mean rate decreased from 11-0.5% (t= 2.55; PB 0.05).
As mentioned above, not all subjects completed the descending sequence for both locations. Moreover, in those subjects who did complete the full procedure, we found no significant difference between the results for the ascending and descending sequences. Thus, unless otherwise specified, we will report only the results obtained from the ascending sequence.
For each location, three individual sensitivity values were estimated by averaging the intensity values for (1) the last ten inversions of the ascending procedure (S A ); (2) the last ten inversions of the descending procedure (S D ); and (3) all the 20 inversions (S m ). Because differences between S A and S D were not statistically significant (t-test pairs: paracentral location, t(66)= 0.49, P\0.05 and peripheral location, t(65)= 1.11, P\ 0.05), only the mean sensitivity S m was retained for analysis. As shown in Fig. 1 , sensitivity increased with age (paracentral location: F(4,64)= 8.36; PB0.001; peripheral location: F(4,64)=5.13; PB 0.001). As expected, it decreased with stimulus eccentricity for all age groups (F(4,64)= 192.87, PB 0.001). However no age× eccentricity effect was observed.
Sensitivity characteristics were estimated in two ways. First, by evaluating individual performances (psychometric functions and trial tracks); second, by computing the group psychometric functions. Individual psychometric functions were estimated by applying the Z-transformation to the cumulative probability function of the stimulus intensities (Finney, 1971) . All data points with a cumulative probability \ 0.995 and B0.005 were considered outliers, and were discarded. The median of the threshold (T m ) was set at the intensity for which the psychometric function takes the value 0.5. The threshold variability (T V ) and the goodness-offit (R 2 ) were then estimated by regressing linearly the Z-values against the stimulus intensity (variability: slope of the regression line; accuracy of the linear regression: coefficient of determination). Trial tracks were characterized by the responses for the final ten inversions in the sequence. Trials up to the first two inversions were not considered, in order to eliminate the spurious effects of the occasional mistakes occurring at the very beginning of the sequences. Trial tracks were estimated by four parameters: (1) the number of trials required to complete the last ten inversions (length, L); (2) the S.D. of the intensity values at the last ten inversions (threshold fluctuation, F); (3) the difference between the mean intensity at the five inversions after which stimulus intensity was increased, and the mean intensity at the five inversions after which stimulus intensity was decreased (width, W); (4) the average of the S.D.s for the two groups of inversions defined in (3) above (degree of noisiness, N). quit shortly after the beginning of the test; two other children failed to meet the criteria of reliability and fixation stability. Four of the children did not complete the descending bracketing procedure, owing to fatigue (two 5-year-olds and one 6-year-old) or technical problems (one 7-year-old). For these children, only the data from the ascending sequence were included in our analysis.
Sensiti6ity characteristics as a function of age
Age had no significant effect on reliability, as measured by the rate of FP responses. The mean rate decreased slightly, from 9% at age 5, to 4.7% at age 8, and reached 3.4% in adults, but these changes failed to reach significant levels (F(4, 67) =1.33; P \ 0.05). By contrast, the rate of FN responses varied significantly as a function of age (F(4, 67) =10.32; P B 0.001), suggesting that this factor affected the level of vigilance. Post hoc analysis evidenced two marked drops in the rate of FN responses. Between 6 and 7 years, the mean rate decreased from 22 -8% (t =4.52; P B 0.001); be- With the exception of R 2 for the paracentral location, all parameters defined above (T m, T 6 , R 2 , L, F, W, and N) differed significantly between children and adults (polynomial contrast analysis: P B 0.05). Children needed significantly more trials to complete the procedure. Their tracks were wider and noisier, with a higher threshold variability, than in adults. Their psychometric functions were more erratic and showed a flattening of the curve. However, the overall standard deviation of the parameters was quite large, suggesting large differences among the various age groups.
The characteristic performance of each age group was obtained by pooling the data of all subjects within the group. The group psychometric functions and their parameters were calculated as described above for individual data (Table 1) . Although the variance for each age group compounded both the individual variability and the differences among subjects, all cumulative probability functions could be well approximated by normal ogives. As shown in Figs. 2 and 3 , the two psychometric functions of young adults are steep and clean, with a high goodness-of-fit value. Compared to adults' performance, children's psychometric functions showed a reduction of the slope and a less accurate fit. Both the goodness-of-fit parameter R 2 and the sensitivity, estimated by the differential threshold (JND, inverse of the slope), improved with age. As expected, the functions were shallower and noisier for the peripheral than for the paracentral location.
Influence of factors unrelated to maturation of the retinal striate pathway on sensiti6ity
So far, independent analyses have demonstrated that age affected both the mean sensitivity and the level of vigilance and/or attention during the task. To what extent did sensitivity evolution reflect a concomitant evolution of vigilance? In order to address this question, let us suppose that the level of vigilance and/or attention can be quantified by a multidimensional variable V with three components: (1) The rate of FN responses in the specific run; (2) the slope of the psychometric function at the median; and (3) the goodnessof-fit, R 2 . FP responses were not taken into account, because we failed to find any developmental trend in this parameter (see above). We tried to estimate the interactions among age (A), mean sensitivity (S m ), and the level of vigilance/attention (V). Essentially, our question focuses on the strength of the influence exerted by the attentional factors V on the measured sensitivity. Controlled variance analysis (Tabachnick & Fidell, 1996) was used to estimate this strength. The rationale of this procedure is illustrated in Fig. 4 , where the total variance of the factors A, S m and V, and the regions of overlapping variance, are visualized with the help of Venn diagrams. In this schematic representation, the proportion of variance that S m shares with A and V is expressed by the ratios
gives the proportion of age-related variance in S m in which the variance in the V variable is removed. Moreover, the proportion of age-related variance in S m that is shared with the V variable corresponds to the ratio
If the influence of A over S m is independent of the influence of V, i.e. if the effect of age on sensitivity reflects essentially a developmental change in sensory processing, R A S V 2 must be small. Conversely, a large value of R A S V 2 implies that age and V-related components of sensitivity variance reflect common processes. If so, mean sensitivity computed by compounding the data of subjects with significantly different V values must overestimate the influence of sensory processing.
We estimated the ratio R A 2 by the square of the correlation between the factors A and S m , and the ratio R V 2 by the square of the multiple correlation coefficient between S m and the multidimensional variable V (Table  2) . Then, using a hierarchical procedure to remove the variance component due to V before regressing the variables A and S m , we computed the ratio R A/V 2 as the square of the semipartial correlation for the relation of age to sensitivity. Finally, the ratio R A S V 2 was obtained by the formula (R A 2 − R A/V 2 )/R A 2 . For paracentral and peripheral targets we found that R A S V 2 = 93.6 and 99.5%, respectively. Such almost complete overlap of the influence of the factor V over the factor A in determining sensitivity variance clearly indicates that vigilance and attention are a better predictor than age of the developmental trend in sensitivity. Clearly, pooling data from children in the same age group with widely differing levels of vigilance and attention unduly emphasized the effect of age on the purely physiological mechanisms responsible for visual sensitivity. In the next section, we attempt to provide a more realistic assessment of the importance of these factors.
Clustering the subjects into homogeneous groups
Using Ward's clustering procedure (Ward, 1963) , we investigated how the experimental population, irrespective of age, could be partitioned into homogeneous groups, using individual psychometric functions and the FN response rate as the only criteria of similarity. To each subject was attributed a three-dimensional variable V z whose components were the Z-scores for FN responses, the slope of the psychometric function at the median, and the goodness-of-fit parameter R 2 . At each stage of Ward's minimum-variance method, a group was formed such that the sum of within-group squared deviations from the mean (error sum of squares, ESS) was minimized for all V z components simultaneously. For both the paracentral and peripheral locations, a sharp discontinuity in the evolution of ESS occurred when the number of clusters was reduced from four to three. Thus, for both locations, we divided the subjects into four homogeneous groups. There was a high degree of concordance between the two clusterings, which was statistically significant (Spearman correlation coefficient =0.51; PB0.001). The performance for group A was indistinguishable from that normally observed in adult subjects. Low rates of FN-responses (0-6%) indicated good attentiveness throughout the testing procedure; moreover, the group psychometric function was characterized by a steep slope and a high goodness-of-fit parameter. For all members of the group, the shape of trial track (see above) was comparable to that of adults. Fig. 6a shows the results from a typical 7-year-old subject in this group. Group B differed from group A in that the slope of the psychometric function was slightly shallower. However, as illustrated by the representative example of Fig. 6b , the overall pattern of the track was quite similar in the two groups.
Sensiti6ity characteristics as a function of cluster
Group C showed markedly higher FN response rates (\ 20%) and shallower slopes of the psychometric functions than groups A and B. The lower values of the goodness-of-fit parameter R 2 indicated that the psychometric functions were much noisier. Subjects required more trials to complete the procedure. As shown in Fig.  6(c,d) trial tracks tended to be either locally (c) or globally (d) irregular, with greater threshold fluctuation, degree of noisiness, and amplitude. Finally, group D included only three children for the paracentral location, and two children for the peripheral location. As shown in Fig. 6(e) , performance was far worse than the average for the other groups. Fig. 7 shows the average sensitivity for all subjects within each group, irrespective of age (different symbols identify the medians of the sensitivity computed over subgroups of subjects with the same age). Mean sensitivity in groups A and B was not significantly different. Instead, a difference emerged when comparing the pooled means (A +B) and (C +D) (for the paracentral location: t(18.49)= 4.03; P B0.001 and for the peripheral location: t(21.54)=4.70; P B 0.001). Medians in groups A and B showed low between-age variability (small spread of the medians for each age). The spread increased progressively in groups C and D.
Finally, for both tested locations, Figs. 8 and 9 shows the psychometric functions obtained by pooling the results for all subjects within each group. The functions for groups A and B closely approximated the typical adult data, with steep slopes and high goodness-of-fit values (see Table 3 ). The functions for group C, however, were more erratic. The results for the few subjects in group D could not be reasonably approximated by a normal ogive.
Discussion
We tested the widely-held belief that visual sensitivity improves substantially between 5 and 8 years of age, reaching adult levels only later in childhood. Indeed, as long as sensitivity was analyzed by taking age as the only relevant factor, our results seemed to confirm such a developmental trend. However, the pattern of the results changed considerably when analysis also took into account other aspects of performance. Specifically, using three parameters of responses other than the mean sensitivity (the multidimensional V variable, see Results), we observed that the general level of reliability and vigilance of the subjects varied, not only with age, but also among subjects in the same age group. Thus, we explored the possibility that the sensitivity reflected both a bona fide maturation of the visual mechanisms, and an indirect effect of attentional factors. In fact, some children, particularly the youngest ones, may be unable to maintain the level of attention required for ASP throughout the testing period, and may miss some of the stimuli for non physiological reasons. Such an indirect effect would lead to an underestimation of the true sensory sensitivity. This hypothesis was confirmed by exploiting the fact that reliability and vigilance were non-uniform within age groups. Indeed, by taking into account only the values of the variable V, we were able to cluster all subjects into four homogeneous groups, which included subjects of different age.
Irrespective of age, subjects included in groups A and B showed a high level of reliability and attentiveness throughout the testing procedure. Because their responses to the stimuli were highly consistent, we can safely assume that the corresponding mean sensitivity afford a true estimate of their sensory capacities. It follows that children as young as five may have visual thresholds that are only marginally higher than those of adults, and that the low sensitivity generally reported for children in this age range (Lakowski & Aspinall, 1969; Liao, 1973; Aspinall, 1976; Wilson, Quinn, Dobson & Breton, 1991 ) may be mainly due to an artificial consequence of the testing methods. The modest, agedependent evolution of visual sensitivity that we have documented is in conformity with the development of other visual capacities, such as acuity (Mayer & Dobson, 1982; Birch, Gwiazda, Bauer, Naegele, & Held, 1983) ; hyperacuity (McGraw, Winn, Whitaker & Eadie, 1989) , stereoacuity (Fox, Patterson & Francis, 1986) , contrast sensitivity (Atkinson, French & Braddick, 1981; Bradley & Freeman, 1982) , flicker fusion (Abramov, Hainline, Turkel, Lemerise, Smith, Gordon & Petry, 1984) , and increment threshold (Abramov, Hainline, Turkel, Lemerise, Smith, Gordon & Petry, 1984) .
The performance in groups C and D was characterized by a high rate of FN responses, and by the noisiness of the psychometric functions. It is generally agreed that high FN response rates (Anderson, 1992) and high threshold variability (Wightman, Allen, Dolan, Kistler & Jamieson, 1989) during adaptive discrimination procedures in normal adults are due to three causes: (1) fatigue, (2) fluctuations in the response criterion, and (3) fluctuations in the level of alertness. Because the results for ascending and descending sequences were not significantly different, and because the two sequences were administered successively, it is unlikely that fatigue was the main reason for the high rates of FN responses. For the same reason, FN responses probably do not reflect long-term drift in the response criterion. Rather, lack of vigilance is the most likely reason for the occasional missing of a supraliminal stimulus (Levy, 1980) . However, FN may also reflect the difficulty of spreading his or her attentional focus across the (15× 15°) portion of the field where FN probes were presented (Miller, 1971; Sheingold, 1973; Heinbuck & Hershberger, 1989) . Thus, the apparent lack of sensitivity in some children may in fact indicate an under-development of certain attentional capacities. Among children in group C, the true physiological sensitivity of the retina is likely to be underestimated by an amount that is proportional to the FN response rate. Such a specific suggestion is not warranted for the three children in group D, because of the deviant parameters of their performance. In fact, these children may have been guessing in a substantial number of trials. At any rate, it is obvious that sensitivity values in this group do not reflect the children's sensory capacities.
The fact that there is a correlation between the level of vigilance and sensitivity does not per se prove a causal relationship. One might argue that lack of vigilance is, in fact, the result of the child reaching his or her limit of sensitivity, and that the lower vigilance might in turn affect the consistency of the responses. However, it should be emphasized that an unperceived stimulus is comparable to a FP, and that children were aware of the occurrence of FP, which needed to be attended as much as the real stimuli. Also FN, randomly interspersed in the sequence of stimuli, helped to maintain a general level of arousal. Moreover, a disruption of attentiveness related to the reaching of sensory limits would induce a decrease in sensitivity after the first set of missed stimuli, a performance profile that was not observed in individual trial tracks. For these reasons, it is unlikely that the lack of vigilance is due to protracted periods of non-stimulation.
Maturation of the retino-striate pathways has been cited as the main cause of sensitivity development before the age of 5 years (Schwartz, Dobson, Sandstrom & Van Hof-Van Duin, 1987; Sireteanu & Fronius, 1987; Banks & Bennett, 1988; Mayer, Fulton & Cummings, 1988; Lewis & Maurer, 1992; Sireteanu Fronius & Constantinescu, 1996; Courage & Adams, 1996) . However, most of the post-natal maturation of these structures takes place in the first 2 years of life (Hrbek, Vitova & Mares, 1966; Friede & Hu, 1967; Hickey, 1977; Magoon & Robb, 1981; Abramov, Gordon, Hendrickson, Hainline, Dobson & LaBossiere, 1982; Garey & de Courten, 1983; Swanson & Birch, 1990; Fiorentini & Trimarchi, 1992; Hendrickson & Drucker, 1992, ) . Based on our results, attentional factors appear to have the greatest influence on sensitivity performance between the ages of 5 and 8 years. In view of our conclusions, it may be necessary to reconsider the role of attention even during infancy. A recent study (Richards, 1997) has provided evidence of such a role in babies as young as 6 months old.
On the basis of our results, we recommend adapting the ASP procedure to the age and attentional capacities of young patients. Our first suggestion concerns the selection of stimuli. The usual procedure with the regular Octopus program is to begin by decreasing the stimulus intensity by 4 dB, and to switch to 2 dB steps after the first missed stimulus. The sequence of stimuli is stopped as soon as the stimulus is perceived again, and the threshold is taken to be the average of the last two stimuli. Thus each intensity is tested only one or twice. Our results suggest that this procedure may prove unreliable when the level of attention is insufficient. We therefore make the following suggestion. The program that schedules the sequence of stimuli should always include a substantial number of FN, and should keep track of the FN rate. At the beginning of the session, the full staircase method should be followed, in which at least four reversals are recorded and averaged before stopping the testing for each location. This more accurate procedure should be maintained if the FN rates exceed 20%. Should the FN rate fall and remain below 20%, the program should be switched to the standard, simpler algorithm. Our second suggestion concerns the role of the technical assistant, which usually is rather marginal. We suggest that a more active role would be beneficial when testing children, or other subjects with known attentional deficits, such as elderly patients or with frontal lesions. Specifically, whenever the FN rate exceeds some reference level (e.g. 20%), the technician should intervene by providing verbal encouragement and feedback. Should these interventions be insufficient to restore the appropriate level of attention, it should be the technician's responsibility to introduce short periods of rest, or even to stop the session. It is advisable, therefore, to divide the set of locations to be tested into blocks, so as to obtain a partial result even if the quantification session cannot be completed.
